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Mission:

To promote, facilitate and 

accelerate the global transition to 

regenerative food, farming and 

land management for the purpose 

of restoring climate stability, 

ending world hunger and 

rebuilding deteriorated social, 

ecological and economic 

systems.



Regenerative Agriculture is now being used as an 

umbrella term for the many farming systems that use 

techniques such as longer rotations, cover crops, green 

manures, legumes, compost, organic fertilizers 

Includes: organic agriculture, agro forestry, agroecology, 

permaculture, holistic grazing, intensively time managed 

grazing systems and other agricultural systems that 

can increase soil organic matter/carbon.

Regenerative 

Agriculture



Maximizing Resilience

QUESTION: Why is the polyculture healthier and yielding 
better than the monoculture in this drought?

Standard agronomy 

says that all plants that 

are not the cash crops 

are weeds because 

they are competing for 

nutrients and water 

therefore lower yields

If this is correct the 

monoculture on the 

right side would be the 

strongest and the 

polyculture should be 

struggling in this 

drought

monoculture

Polyculture

Picture: Courtesy of Christine Jones
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Maximize Solar Energy



Maximize Solar Energy

Use Photosynthesis to Grow Soil Carbon 

• Between 95 and 98% of a plant’s biomass come from water and 
carbon dioxide using the energy from photosynthesis to make 
glucose



Maximize Solar Energy



The Molecule of Life

Glucose is the basic molecule of life

• It is a primary energy source of the cells of most living organisms, 

including plants and animals.

• Glucose molecules can be modified to build many other sugars such 

as sucrose (cane sugar), fructose (fruit sugar), dextrose, lactose (milk 

sugar), maltose (malt sugar) etc.

• Glucose molecules can be combined together in long chains to 

form cellulose.  These are the basis of wood, leaves, stems and 

paper.

• Glucose molecules can be also combined together in a different type 

of molecule to form carbohydrates — starch which is the basis of flour, 

bread and staples such as rice, wheat, potatoes, cassava, etc.



The Molecule of Life

Glucose is the basic molecule of life

• The carbohydrates can be modified to form hydrocarbons —

oils and fats.

• Glucose molecules can be modified again with the addition of 

nitrogen and sometimes sulphur to form amino acids — the 

basis of proteins, DNA, hormones , etc.

• Nearly all life on earth is dependent of the products of 

photosynthesis either directly or indirectly as in the case of 

microorganisms and animals. 

• We get our sugars, starches and oils from plants or from 

animals that have fed on plants.



Maximize Solar Energy



The Rhizosphere

Plant Roots and The Rhizosphere

• The majority of microbes live around plant roots 

• This is called ‘The Rhizosphere’

• They feed off root exudates and have important 

roles in releasing nutrients and protecting plants 

from diseases

• Roots and microbes release enzymes, acids and 

other compounds that dissolve nutrients from rocks

• Roots build soil structure

• Deep roots build deep soils



Maximize Solar Energy

The Liquid Carbon Pathway - the Carbon Gift

• Soils are created through the biological activity of the microbiome/soil 

food web/rhizosphere - mediated by roots

• Soil creation and resultant plant available nutrients are primarily due 

to biological processes rather than chemical or mechanical 

weathering processes

• The greater the amount of food that can be provided to the 

microbiome/soil food web, the greater the soil and plant 

available nutrients can be produced. 

• Plants  - correctly managed - increase soil nutrient levels rather 

than depleting them.



MANAGING GROUND COVERS

Rootmass activity 

stimulates nutrient 

availability in soil by:

•Root exudates that feed 

microbe  communities 

•Root enzymes and 

acids extract minerals 

from rocks

•Builds soil structure 

and deepens soils

•Generates soil carbon 

and nutrients for the 

crop through correct 

management 



MANAGING GROUND COVERS



MANAGING GROUND COVERS



Building Topsoil
Soil organic matter increased 

from 1% to av. 6% in 11 years

• pH 4.5 to 6.5 

The Total Exchange Capacity 

from 6.66 to 24.78.  

• Available N from 46 kg/ha to 

123 kg/ha. 

• Calcium 534 ppm to 3696 

ppm, 

• Magnesium from 101 ppm 

to 391 ppm, 

• Potassium from 45 ppm to 

230 ppm, 

• Phosphorous from 123 ppm 

to 1561 ppm.



Pasture Cropping
Sowing annuals into perennial pastures

Oats Sown into Pasture

Only a little bit of phosphate 

was added due to deficient soils

Gives the same yield as intensive plowing 

and fertilizers, at a fraction of the cost 

Animals can go back on pasture after harvest-

giving two crops and double income 

Pictures: Colin Seis



Pasture Cropping

Dr Christine Jones has 

conducted research at 

Colin Sies’s property in 

Australia

An average increase of 8 

tons/ha of SOM per year

Increases in soil 

nutrients

Calcium 177%, Magnesium 

38%, Potassium 46%, 

Sulphur 57%, Phosphorus 

51%, Nitrogen 48%, 

Copper 102%, Zinc 86%, 

Cobalt 79%, Boron 56%, 

Molybdenum 51%, 

Selenium 17%

Soil Comparison between Winona 

and nearby property. Picture: Dr Christine Jones

SOIL CARBON

• 0 - 10cm     

150%

• 10 - 20cm     

243%

• 20 - 30cm    

317%

• 30 - 40cm    

413%

• 40 - 50cm    

157%



Soil Kee, Australia

• Sowing annual cover and cash crops in perennial pastures

• 5.6 metric tons of Soil Organic Matter/ha/yr. 

• Verified by the Australian Government Soil Carbon 

Initiative

Pasture Regeneration



Setting up natural systems to prevent or reduce pests

Soil Health 

• Soil health is the key principle to successful regenerative 

organic farming

• Most pest and diseases are opportunistic. They ‘attack’ 

plants that are stressed

• Correctly balanced soil ensures minimal disease and insect 

damage 

• These soils are rich in beneficial organisms, nutrients and 

have a good structure 

Cultural Controls

Pests and Diseases



Soil Health

Wheat grown on

compost treated

field does not have 

rust

Wheat grown 

with 

chemical 

fertilizers

requires

spraying with 

fungicide

for rust



Wheat infested with stripe rust and sprayed with 

fungicides – gave yield of 1.6 t/ha (1,600 lbs per 

acre)



Wheat grown on composted soil

resists the rust – gave yields over 6.5 t/ha 

(6,500 lbs per acre)



Insect damage 

controlled by 

improving soil 

nutrition, biology and 

organic matter levels 

leading to plant health

Healthy plants have a 

greater ability to beat 

pests and diseases

Soil Health 



Eco-intensification

Ecological Functional Intensification (EFI) 

• Optimizes the performance of ecosystem services by 
utilizing functional biodiversity. 

• The biodiversity is powered by sunlight – leaves capturing 
solar energy through photosynthesis

• EFI uses ecological processes rather than chemical 
intensification. 

• EFI is about utilizing the science of applied agroecology 
to actively increase the biodiversity in agricultural 
systems to deliver multiple ecosystem services 



•Refuges of flowering plants are known as insectaries 

•Many beneficial insects have a range of host plants

•Some useful species such as parasitic wasps, hoverflies and lacewings 

have carnivorous larvae that eat pests however the adult stages live mostly 

on nectar and pollen from flowers

Nectar and pollen are essential to the adult stage of many beneficial 
predators 

Research has shown increasing the host plants in farms breed 

thousands of beneficial organisms that control pests

Functional Biodiversity-Agroecology 



INSECTARIES
Solar powered pest control

Flowers provide nectar, pollen, mating sites and 

refuges for beneficial insects



Different Insectary Models

Perimeter plantings in the USA

Host beneficials,  act as barrier 

for pests and as windbreaks



Strip Mowing

Leaving rows of insectary plants increases the 

number of beneficial insect species 

Eco-Function Intensification 

Agroecology



Eco-intensification

Agroecology

Insectaries

Refuges 

Created by

Strip 

Mowing

Solar 

powered 

pest control



Eco-intensification, Agroecology

Insectaries

Borders of flowers, trees and 

shrubs create refuges for 

beneficial insects, birds, lizards, 

frogs etc.

Small birds eat an enormous 

amount of insect pests and need 

shrubs 

Provide forage for livestock

Provide biomass for compost

Marginal areas planted with a 

high diversity of eco 

functional species, Bhutan



Eco-function 

intensification

Maximizes solar 

capture

Does not compete 

for sunlight

Fixes nitrogen and 

soil carbon – roots 

add nutrients 

instead of 

competing

Green Manure

Flowers attract 

beneficial

Insects

Conserves water

and soil – living 

mulch
Legume vines in fruit trees. Example of 

good practice and not a neglected orchard

High Species Biodiversity, 

Australia



Organic Matter

Living Carbon

Organic matter management is the primary tool in 

regenerative organic farming

• Young plants are primarily composed of cellulose

• They can rapidly biodegrade and release nutrients -

especially glucose and minerals 

• These feed the soil microbiome - the soil food web

• To build soil healthy

• Make minerals available to plants

• Protect from pests and diseases



Soil Aggregation:                                     

A Biological Process

Soil Microbes are critical to making 

nutrients available to plants



Photo courtesy Aberdeen Mycorrhiza Research Group





Organic Matter
Directly assisting plants

• The spaces allow microorganisms to turn the 

nitrogen in the air into nitrate and ammonium (air is 

78% N)

• Soil carbon dioxide contained in these air spaces 

increases plant growth 

• Helps plant and microbial growth through growth 

stimulating compounds 

• Helps root growth, by making it easy for roots to 

travel through the soil



Organic Matter

Nutrient availability

• Organic acids (humic, fulvic, ulmic, acetic, 

citric etc) help make minerals available by 

dissolving locked up minerals

• Prevents mineral ions from being locked up

• Encourages a range of microbes that make 

locked up minerals available to plants.

• Helps to neutralise the pH

• Buffers the soil from strong changes in pH



Organic Matter

Living Carbon

Building Humus

• Older and coarse plants have higher levels of lignins

• Lignins are used by microbes to build Humus

• Humus is a very stable polymer that stores minerals 

and water for plants

• All Humus polymers have amino acids attached to 

them - an important source of organic nitrogen for 

plants

• It has numerous other important roles in building 

healthy nutrient rich soils



Organic Matter
Nutrient availability

• Stores anions - 90 to 95% of the nitrogen, 15 to 80% 

of phosphorus and 20 to 50% of sulphur in the soil 

• Stores cations - calcium, magnesium, potassium etc 

and all trace elements

• Sand particles do not have charged sites to store ion 

nutrients, resulting in leaching

• Clays mostly have charged sites to store cations

• The charged sites in clays tend to repel anions such 

as nitrate, sulphur causing them to readily leach



Organic Matter
Nutrient availability

• Humus has many sites that hold mineral ions and 

consequently dramatically increases the soils’ Total ion 

Exchange Capacity (TEC)

• This is the soil’s nutrient ‘fuel tanks’

• Humus is critical to preventing leaching and volatization, 

keeping nutrients in the soil to be available for the crop



Climate Resilience

Soil Organic Matter

Higher Yields in Climate Extremes

Regenerative/Organic Systems have higher yields than 
conventional farming systems in weather extremes such as heavy 
rains and droughts. (Drinkwater, Wagoner and Sarrantonio 1998; 
Welsh, 1999; Lotter 2004)

The Wisconsin Integrated Cropping Systems Trials found that 
organic yields were higher in drought years and the same as 
conventional in normal weather years. (Posner et al. 2008)

The Rodale FST showed that the organic systems produced 30 per 
cent more corn than the conventional system in drought years.
(Pimentel D 2005, La Salle and Hepperly 2008)



Organic Matter Increases 

Infiltration 

and Soil Stability

ConventionalOrganic
Picture: FiBL DOK 

Trials



• Increased soil stability

• Higher yields in drought 

years

• Increased soil C and N

• Higher water infiltration

• Higher water holding cap

• Higher microbial activity

Soil Organic Matter Mitigates 

and Adapts



Humus and Soil Organic 

Matter

Holds up to 30X its 

weight in water

Cements soil particles 

and reduces soil 

erosion

Increases nutrient 

storage & availability

Humus can last 2000 

years in the soilElectron micrograph of 
soil humus



Improved Efficiency of 

Water Use

Research Shows that Organic Systems use Water
More Efficiently

Volume of Water Retained /ha (to 30 cm) in relation to soil organic 
matter (SOM)

0.5% SOM = 80,000 litres (common level Africa, Asia, Australia) 

1 % SOM = 160,000 litres (common level Africa, Asia, Australia) 

2 % SOM = 320,000 litres 

3 % SOM = 480,000 litres 

4 % SOM = 640,000 litres (levels pre farming)

5 % SOM = 800,000 litres (levels pre farming)

6 % SOM = 960,000 litres (levels pre farming)

Adapted from Morris, 2004.



Organic Corn - 1995 

Drought

Organic Conventional

Better infiltration, retention, and 

delivery to plants helps avoid 

drought damage

Picture: Rodale Institute



High Yield Regenerative Organic 

Agriculture

The average corn yields during the drought years 

were from 28% to 34% higher in the two organic 

systems. 

The yields were 6,938 and 7,235 kg per ha in the 

organic animal and the organic legume systems, 

respectively, compared with 5,333 kg per ha in 

the conventional system (Pimentel et al. 2005)

Lbs per Acre = Kg per ha (close enough)



Regenerative/Holistic Grazing

• Regenerates degraded 

rangelands

• Increases biodiversity

• Improves water infiltration 

• Increases stock carrying 

capacity

• Sequesters CO2

• Biodegrades methane

Pictures:

Richard Teague

Zimbabwe



Pictures: Rodale Institute

High Yield Regenerative 

Organic no-till Agriculture



No Till without Herbicides



Yield

The 2006 trails resulted in organic yields of 160 bushels an 

acre (bu/ac) 

Compared to the County average of 130 bu/ac. 

Energy Used in Different Corn Production Systems Expressed 

in Liters of Diesel per Hectare

Conventional Tillage: 231 litres per hectare

Conventional No-till: 199 litres per hectare

Organic Tillage: 121 litres per hectare

Organic No-till: 77 litres per hectare 

(Pimentel et al. 2005)

High Yield Regenerative 

Organic low-till Agriculture



Organic Matter

Synthetic Nitrogen Fertilizers Deplete SOM 

• Scientists from the University of Illinois analyzed the 

results of a 50 year agricultural trial and found that 

synthetic nitrogen fertilizer resulted in all the carbon 

residues from the crop disappearing as well as an average 

loss of around 10,000 kg of soil carbon per hectare. 

• This is around 36,700 kg of carbon dioxide per hectare on 

top of the many thousands of kilograms of crop residue 

that is converted into CO2 every year. 



Organic Matter
Synthetic Nitrogen Fertilizers Deplete SOM

• The researchers found that the higher the application of synthetic 

nitrogen fertilizer the greater the amount of soil carbon lost as CO2. 

• This is one of the major reasons why conventional agricultural 

systems have a decline in soil carbon while organic systems 

increase soil carbon. 

• The loss of organic matter makes these farms dependent on 

synthetic N inputs

Khan, S. A.; Mulvaney, R. L.; Ellsworth, T. R., and Boast C. W. (2007), The Myth of Nitrogen Fertilization for Soil Carbon Sequestration. Journal of Environmental Quality. 2007 

Oct 24; 36(6):1821-1832.

Mulvaney R. L., Khan S. A. and Ellsworth T. R., (2009), Synthetic Nitrogen Fertilizers Deplete Soil Nitrogen: A Global Dilemma for Sustainable Cereal Production, Journal of 

Environmental Quality 38:2295-2314 (2009): 10.2134/jeq2008.0527, American Society of Agronomy, Crop Science Society of America, and Soil Science Society of America 677 

S. Segoe Rd., Madison, WI 53711 USA 



Organic Nutrients
Nitrogen

• Nitrogen levels increase as Soil Organic Matter (SOM) 

increases

• SOM Carbon/Nitrogen Ratio = Between 12/1 to 9/1

• Every 1% increase of SOM per  20 cm/Ha holds about 

4,000 kgs of N

• Most of this N is in amino acid form

• Numerous scientific studies show that plants directly 

utilize amino acids and that biologically active soils 

convert it into nitrate and ammonia 

• Building up SOM is the best way to increase soil nitrogen



Organic Matter and 

Nitrogen

The key to high levels of N is high levels of 

organic matter



Organic Matter and N
The spaces allow microorganisms to turn the nitrogen 

in the air into nitrate and ammonium (air is 78% N)



Organic Matter and N

Endophytic nitrogen fixing bacteria in rice

Synthetic N fertilizer (Urea etc) stops these 

natural N fixing processes 



Intercropping - Maximizing 

Photosynthesis
Higher biodiversity, with the right mix of species 
increases resilience and yields

Carbon compounds 

fixed through 

photosynthesis are 

deposited into the soil 

by the roots through 

the liquid carbon 

pathway to feed the 

soil microbiome that:

• builds soil

• provides the crop 

with nutrients

• improves water use

• pest and disease 

protection

monoculture

Polyculture

Picture: Courtesy of Christine Jones



Thank You

Muchas Gracias


